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Several recent studies have led to the concept that nitric oxide (NO) serves as a neurotransmitter in inhibitory regulation of visceral smooth muscles (see ref. 1 for review). The involvement of NO in nonadrenergic, noncholinergic inhibition is supported by morphological studies that have demonstrated the presence of NO synthase-like immunoreactivity in cell bodies and varicose processes of enteric neurons (2) (3) (4) (5) . Physiological and biochemical experiments have also supported the role of NO in inhibitory neurotransmission: (i) electrical field stimulation releases a substance identified as NO by bioassay (6) , (ii) drugs that block NO synthesis reduce responses to enteric inhibitory nerve stimulation (7) (8) (9) (10) , (iii) hyperpolarizing responses to enteric inhibitory nerve stimulation can be mimicked by exogenous NO or NO carriers (11) (12) (13) , (iv) drugs that affect cGMP (presumed to be the mediator of the effects of NO) similarly affect inhibitory neurotransmission (14) , and (v) levels of L-[3H]citrulline (used as an indicator of NO synthesis) are increased by agonist stimulation of isolated myenteric ganglia (15) . Taken together, these data suggest that enteric inhibitory neurons possess the enzymatic apparatus necessary to synthesize NO from L-arginine and NO can be released during nerve stimulation to inhibit smooth muscle activity.
In the gastrointestinal (GI) tract, a cell type referred to as interstitial cells (ICs) is often closely associated with enteric neurons and electrically coupled to smooth muscle cells (SMCs) (e.g., see refs. [16] [17] [18] [19] . At present it is not known whether ICs or SMCs are the "effectors" in enteric inhibitory transmission, but for several years it has been suggested that ICs facilitate communication between the enteric nervous system and SMCs. Physiological studies have suggested that inhibitory neurotransmission is concentrated in pacemaker regions in the canine colon (20) where there is a particularly high density of ICs (17, 19) . Since ICs are physically close to enteric varicosities, these cells would be expected to be exposed to NO released from nerves. Therefore, it is important to determine whether ICs respond to NO and whether effects are transmitted to SMCs. Specific responses of ICs are difficult to ascertain from intact preparations because of electrical coupling to SMCs. We have developed an isolated preparation of ICs from the canine colon (21) and have characterized ionic currents (22) and Ca2+ oscillations in these cells (23 
MATERIALS AND METHODS
Cells were isolated and identified as ICs or SMCs as described (see ref. 21 ). Freshly isolated ICs and SMCs were allowed to attach to the bottom of 35-mm culture dishes and were placed on an inverted microscope. Cells were loaded with the AM form of the Ca2+-sensitive dye fluo-3 (12 ,uM; 30 min) as described (21, 23 collected by using a video-based imaging system that has been described (23) . The locations of cells of interest were specified by using a computer mouse and custom-designed software. Signals were recorded as the fluorescence within a rectangular region over each cell. Fluorescent responses were normalized by dividing by the maximum response to the bath perfusion of a solution containing 1 ,uM Bay K 8644. Thus, the ratio associated with the ordinate of each trace represents a fraction of the increase in [Ca2+]i relative to the response to 1 ,uM Bay K 8644. By continuously framegrabbing images, the computer was able to track the activity of a number of individual cells within a field of view simultaneously. NO was introduced by bolus application of saturated solution (1 mM) to the bath. Bay K 8644 was applied to individual cells by micropressure ejection (2 bars; 15 msec) using a Picospritzer apparatus (General Valve, Fairfield, NJ). Other agents were added or removed from solutions by rapidly exchanging bath medium.
Hanks' perfusion buffer, NO stock solutions, oxyhemoglobin, and methemoglobin were prepared as described (11, 
RESULTS
Bolus application of NO to the bath caused an increase in fluo-3 fluorescence of ICs, indicating an increase in [Ca2+]i (Fig. 1, upper trace) . When boluses were applied that raised
[NO] to 1 ,AM (3 ,ul To test whether release of Ca2+ from internal stores was important in the IC response to NO, cells were exposed to NO before and after bathing in ryanodine (10 ,uM) for 30 min. A typical IC response to the application of 1 ,uM NO is shown in Fig. 2B (21, 22) . The concentration of Bay K 8644 in the micropipette was 10 ,uM and the tip (diameter, 40 ,m) was lowered to within 50 ,um of cells. As illustrated in Fig. 3 (Fig. 3B) , Proc (Fig. 4A ), cells were exposed to L-NAME or NG-monomethyl-L-arginine (n = 4) for 3 min. (22) . ICs express a low-threshold Ca2+ current not found in SMCs and the non-Ca2+-dependent, voltage-dependent K current of ICs inactivates at more negative potentials than the equivalent current in SMCs. These differences may facilitate the pacemaker function proposed for these cells (21, 26 hanced via a cGMP-dependent mechanism, and Garg and Hassid (28) have shown a decrease in [Ca2+]m in fibroblasts via a cGMP-independent mechanism. Some authors have suggested that ICs may serve as intermediates in neurotransmission from enteric nerves to the syncytium of SMCs (29, 30 ). This hypothesis is based primarily on morphological studies showing that ICs are often in close proximity to the varicosities of nerve fibers and appear to be interposed between nerves and SMCs. It is possible that receptors for neurotransmitters are expressed by ICs. Then neurotransmitters could elicit electrical responses in ICs that could be transmitted to SMCs via gap junctions occurring between these cells (17, 19 Recent studies have suggested that NO may also be produced by SMCs from the rat gastric fundus and rabbit intestine (32, 33) , and this may serve to amplify neurotransmission due to vasoactive intestinal peptide released from enteric nerves (32) . By using responses of SMCs as a bioassay for NO (see Fig. 5 
